Introduction
Ritual tooth ablation in a variety of patterns was widely practiced among the Jomon 152 people during the Late-Final Jomon period (e.g., Watanabe, 1966; Harunari, 1979 Harunari, , 1986 Harunari, , 153 2002 ). Tooth ablation is thought to have been a customary component of coming-of-age 154 ceremonies, based on estimated age at the time of tooth ablation (Hasebe, 1919; 155 Watanabe, 1966; Fujita, 1997) . Patterns in tooth ablation might provide invaluable 156 information on the social organization of the Jomon people, and several different 157 hypotheses have been proposed regarding the practice. The most influential hypothesis 158 explaining variations in Jomon tooth ablation patterns was formulated by Harunari 159 (1973 Harunari 159 ( , 1979 . He categorized tooth ablation through observation of skeletal remains 160 from the Tsukumo and Yoshigo shell mounds in the following way: Extraction of two 161 maxillary canines is called type 0. Type 4I indicates the extraction of two maxillary 162 canines and four mandibular incisors, while type 2C is the extraction of two maxillary 163 and two mandibular canines. 164 Type 0 is considered a coming-of-age ceremony because almost all individuals 165 extracted these canines (Harunari, 1973 (Harunari, , 1979 . Ritual tooth ablation is not related to 166 sex or age at death of skeletal remains. Because tooth ablation types in grave clusters 167 and double inhumations tend to lean toward type 4I or 2C tooth ablation in the Yoshigo 168 and Inariyama shell mounds, tooth ablation types are regarded to be symbols of social 169 relationships within a group. Taiwanese ethnographic data has documented that tooth 170 ablation was performed when a male and female married. Harunari (1979) proposed that 171 tooth ablation was also performed when the Jomon people married and that tooth 172 ablation patterns were associated with the distinction between locals and immigrants. 173
Since type 4I skeletons tended to be buried with personal offerings and included many 174 individuals with tooth filing on their incisors, he hypothesized that these were locals of 175 high prestige. Thirty-seven human tooth enamel and seven rib samples from the Tsukumo population 311 were used for strontium isotope analysis. The age and duration of the site formation are 312 not documented for these sites since the excavations were conducted in the early 1920's. 313 A large amount of temporal variation might limit the interpretation of this study. In the 314 future, radiocarbon dates of skeletal remains would resolve the problem of temporal 315 variation. 316
One of the authors (S. K.) determined the sex of subject individuals from their 317 hipbones (Phenice, 1969) and cranial features (Buikstra and Ubelaker, 1994), and their 318 age at death from the morphologies of the pubic symphysis (Brooks and Suchey, 1990 ), 319 the auricular surface of the ilium , cranial sutures (Meindl and 320 Lovejoy, 1985) , and dental attrition (Lovejoy, 1985) . Age at death of the human skeletal 321 remains examined in this study was categorized into the following ranges: adolescents 322 (12-20 years), young adults (20-35 years), and middle adults (35-50 years; Buikstra 323
and Ubelaker, 1994). 324
The samples are housed in the Laboratory of Physical Anthropology, Department of 325 Zoology, Graduate School of Science, Kyoto University. Third molars and ribs were 326 sampled. Third molars form during the period from 9-13 years of age (mean) of an 327
individual, but the range varies: cusp formation begins at 7-12 years old, and crown 328 formation is complete at 10-17 years (Hillson, 1996) . Tooth enamel matures for several 329 months to a year after formation (Montgomery and Evans, 2006 The F-test was used to evaluate whether the variations of bone and enamel 370 strontium isotope ratios were equal. The Shapiro-Wilk test, which is an excellent 371 method of assessing normality, was used to evaluate whether the enamel strontium 372 isotope ratios were normally distributed (Zar, 1999) . To find outliers from samples with 373 non-normal distributions, Chauvenet's criterion, which evaluates whether or not a data 374 point is an improbable member of a distribution, was used (Taylor, 1982 The plant samples collected from the field (n = 42) had a mean 87 Sr/ 86 Sr value of 383 0.70909 ± 0.00090 (mean ± 1 SD) with a range of 0.71071-0.70696 (Table 3 ). The plant 384 87 Sr/ 86 Sr values shows a regional cline decreasing from west to east (Fig. 3B) . This cline 385
correlates well with the surface geology. Late Cretaceous granitic rocks (0.7107) are 386 extensively exposed in the west, whereas mudstone and basalt lava of the Maizuru 387 group (0.704-0.707) are distributed in the eastern and northern areas. However, this 388 regional cline is weaker in the area along the coast than in the inland area (Fig. 3B) . 389
Marine strontium derived from sea spray would affect the strontium isotope ratios of 390 plants along the coast. 391
Strontium isotope ratios within a radius of 10 km of a site are indicative of those of 392 the terrestrial sources used by a local population. The mean strontium isotope ratio of 393 plants within a radius of 10 km of the Ota shell mound was 0.70950 ± 0.00081 (n = 11) 394 with a range of 0. The mean strontium isotope ratio in the human tooth enamel of the Ota samples (n = 409 23) was 0.70891 ± 0.00010 (mean ± 1 SD) with a range of 0.70855-0.70903 (Fig. 4) . 410
The human bone samples (n = 5) had a mean 87 Sr/ 86 Sr ratio of 0.70886 ± 0.00004 with a 411 range of 0.70882-0.70892. The mean strontium isotope ratio in the human tooth enamel 412 of the Tsukumo samples (n = 37) was 0.70889 ± 0.00016 with a range of 413 0.70849-0.70925 (Fig. 5) . The human bone samples (n = 7) had a mean 87 have any data to estimate how much food was shared and exchanged within the Jomon 455 population. However, it is largely accepted that food sharing within a community is 456 fundamental to hunter-gatherer subsistence economies (Bird, 1999) . When their 457 subsistence is taken into account, it seems improbable that they consumed much food 458 imported from other areas. Thus it can be assumed that the 87 Sr/ 86 Sr values of Jomon 459 hunter-gatherers in these sites also present a normal distribution. 460 Table 4 contains summary statistics for all the Ota samples. The strontium isotope 461 ratios of all the samples exhibit a negative skew and positive kurtosis, indicating a 462 significant deviation from a normal distribution. Figure 6 shows the histogram of Ota's 463 "all" data set (n = 23) with an estimated normal distribution curve for comparison. One 464 individual (No. 697) stands out as a possible outlier. The null hypothesis that all 465 samples take a normal distribution was rejected by the Shapiro-Wilk test for normality 466 (W = 0.792, P < 0.001). Chauvenet's criterion can be used to evaluate whether or not a 467 data point is an improbable member of a distribution (Taylor, 1982 (Hirai, 1987) . Food was depleted for the large 499 population at the end of the Middle Jomon period, which could have been resolved by 500 dispersing into smaller populations (Okamoto, 1987; Hirai, 1987) . Our results indicate 501 that once many small settlements were distributed in the Late-Final Jomon period, 502 people might not have migrated frequently. Another possibility is that people actually 503 migrated, but between isotopically similar regions. Strontium isotope ratios in plants 504 vary considerably around the Ota and Tsukumo sites, which lie in areas with complex 505 geology, resulting in overlapping mean strontium isotope ratios in the plants around the 506 two sites. Plants grown in the coastal area would be influenced by marine strontium, 507 which makes the strontium isotope ratios in plants close to 0.7092. Seafood 508 consumption also contributed to be marine signatures in the enamel strontium isotope 509 ratios. These might mask human migration between populations in the coastal areas of 510 the Sanyo region, but migration between coastal and inland areas would be visible from 511 strontium isotope ratios of tooth enamel. Second, migration between populations may have occurred more frequently in the 531
Tokai region (Yoshigo and Inariyama) than in the Sanyo region (Ota and Tsukumo). 532
Regional differences are also observed in enamel hypoplasia frequency and diet. The 533 frequency of enamel hypoplasia is higher in the western Jomon group than the eastern 534
Jomon group, implying that the population in western Japan subsisted on a plant-based 535 diet or suffered from seasonal food depletion (Temple, 2007) . Nitrogen isotope ratios of 536 individuals from the Sanyo region were significantly higher than ratios of individuals 537 from the Tokai region (Kusaka et al., 2010 Jomon period (Harunari, 1979 ). This hypothesis was tested by comparing the proportion 552 of immigrants and strontium isotope values between tooth ablation groups of Tsukumo 553 individuals. We did not find any immigrants based on the strontium isotope ratio. When 554 comparing strontium isotope ratios of type 4I and type 2C individuals, there is no 555 significant difference (Fig. 7) 
